Introduction
Gastric volvulus is a rare surgical emergency defined as an abnormal rotation of the stomach of more than 180 • . The incidence of gastric volvulus is unknown. It may present as an acute abdomen secondary to rapidly developing strangulation, incarceration, and perforation. 1 There are no specific clinical or laboratory findings, and the diagnosis is usually established intraoperatively. Preoperative radiologic diagnosis of gastric volvulus is extremely difficult and requires experience. This case series presents three cases of gastric volvulus (two idiopathic and one secondary) and serves as a review of the contemporary literature on gastric volvulus.
Case reports

Case 1
A 19-year-old male patient was referred to our clinic with a prediagnosis of acute abdominal syndrome. The patient was intubated on admission. The medical history obtained from the family was remarkable for mental retardation and congenital deafness. Six hours prior to admission to our center, the patient had presented to another clinic with a sudden onset of severe abdominal pain and vomiting. On admission to the intensive care unit at our clinic, the patient was intubated, his blood pressure was very low (unrecordable), and his peripheral pulses were thready. Physical examination showed extensive abdominal distention, and his laboratory findings were unremarkable other than leukocytosis (21,000/mm 3 ). Abdominal computed tomography (CT) scans initially revealed extensive free air and fluid within the abdomen. A review of the CT scans confirmed the presence of free air and fluid, but the appearance was consistent with an extensively enlarged visceral organ (Fig. 1a) . The patient underwent emergency surgery under rapid intravenous (IV) parenteral fluid resuscitation and positive inotropic support (dopamine, 10 g/kg). Abdominal exploration revealed ∼5000 mL of free fluid. The retained gastric content was discharged, and the stomach was found to be extensively enlarged and rotated around the greater and lesser curvatures (mesenteroaxial volvulus); a 6-7-cm perforation site was also observed in the fundus (Fig. 1b) . The stomach was detorsioned, and the perforated site was surgically repaired. The operation lasted ∼90 min, and the patient was moved to the surgical intensive care unit while intubated. During his stay in the intensive care unit, hypotension persisted despite parenteral fluid replacement and inotropic support. The patient died after 8 h.
Case 2
A 50-year-old female patient with a known history of congenital deafness and epilepsy was admitted to the emergency service due to sudden-onset and gradually increasing abdominal pain and vomiting that began 12 h previously. Her blood pressure on admission was 80/50 mmHg, pulse was 110 rpm, and physical examination revealed extensive abdominal distention (Fig. 2a) . Laboratory examinations were not remarkable other than leukocytosis (34,000/mm 3 ). Attempts to install a nasogastric tube failed. Abdominal CT scans showed extensive free air and fluid within the abdomen and an extensively enlarged stomach that rotated around the axis of the lesser-greater curvature (Fig. 2b ). Because the patient had a history and radiologic findings similar to those of the previous case, she underwent emergency surgery with a prediagnosis of perforation due to gastric volvulus. During the abdominal exploration, the stomach was found to be rotated 180 • around the axis of the greater-lesser curvature, and a 3-cm perforation site was observed in the lesser curvature. The stomach was detorsioned, the perforation site was surgically repaired, and an omentoplasty was performed. During the follow-up in the intensive care unit, the patient suffered from acute abdomen on the fifth postoperative day, and a second laparotomy was performed. Exploration revealed multiple perforations (five perforations, 1 cm apart) in the jejunal segment 90 cm proximal to the ileocecal valve. The etiology was speculated to be associated with the development of microemboli. A segmental jejunal resection and end jejunostomy were performed, and the abdomen was closed with a Bogota bag. On the sixth postoperative day following the second operation, the patient redeveloped acute abdomen. Exploration revealed multiple new perforations (three perforations in a 20-cm-long area) in a jejunal segment 30 cm proximal to the previous perforation site. Segmental jejunal resection and end jejunostomy were performed again. The patient died on day 32 of follow-up in the intensive care unit.
Case 3
A 60-year-old female patient was admitted to the emergency service due to severe nausea and vomiting for the previous week and the inability to urinate for the previous day. The patient was admitted to the nephrology clinic because the initial assessment showed hypochloremic metabolic acidosis and acute renal failure. Her past history was not remarkable for major trauma or abdominal intervention. Conventional abdominal X-ray images were consistent with eventration of the right diaphragm and a diaphragmatic hernia (Fig. 3) , and thoracoabdominal CT revealed a right diaphragmatic hernia ( Fig. 4a and b) . The patient underwent elective surgery after preoperative preparation, and abdominal exploration revealed a diaphragmatic defect (8 cm × 5 cm in size) through which the omentum was herniated into the thorax, causing a mesenteroaxial gastric volvulus. The omentum was reduced into the abdomen, the stomach was detorsioned, and the diaphragmatic defect was primarily repaired. The clinical and laboratory findings returned to normal, oral intake was allowed on day 2, and the patient was discharged on postoperative day 4. The patient has been monitored for the past 6 months with no further problems. 
Discussion
Gastric volvulus is defined as rotation of the stomach around its short or long axis. A surgical emergency occurs if the rotation causes a gastric outlet obstruction or compromises the blood supply to the stomach. It has the same incidence in all races and shows a balanced female-to-male ratio. The literature reports that the clinical picture is usually accompanied by hiatal hernia, left diaphragmatic eventration, pyloric stenosis, intra-abdominal adhesions, and other intra-abdominal pathologies. 2 The condition is defined as idiopathic gastric volvulus in the absence of other accompanying pathologies, and this type is seen more rarely than secondary gastric volvulus. Two of the present cases (Cases 1 and 2) were classified as idiopathic gastric volvulus; the other case (Case 3) was classified as secondary gastric volvulus.
Gastric volvulus is classified into four subgroups depending on the mechanism of development. 3 Type 1 (organoaxial form): This form results from rotation of the stomach around the pylorus-cardia axis. This is the most common type of gastric volvulus. It may cause obstruction in the gastroesophageal junction, pylorus, or both and accounts for 59% of cases. Type 2 (mesenteroaxial form): This form occurs as a result of rotation of the stomach around the lesser-greater curvature axis. Gastrosplenic ligament laxity in particular is a predisposing factor. 4 Type 3 (combined form): This is the least common form and accounts for 2% of cases. Type 4 (unclassified form): This form accounts for approximately 10% of cases. The organoaxial form (Type 1) is mostly seen in middle-aged to elderly individuals, whereas the mesenteroaxial form (Type 2) is mostly seen in childhood. All three patients in this report had Type 2 (mesenteroaxial) gastric volvulus.
Gastric volvulus may present with findings of acute abdomen syndrome or chronic gastrointestinal symptoms. Symptoms on admission can vary depending on the patient age, disease progression rate, degree of rotation, and presence of obstruction-strangulation or perforation. The coexistence of epigastric pain, vomiting, and failure to install a nasogastric tube is known as Borchardt's triad and is useful in the diagnosis of gastric volvulus. 5 However, approximately three-fourths of affected patients may manifest classic Borchardt's triad, whereas the remaining one-fourth may not. All patients in the current study suffered from abdominal pain and vomiting. The patients with idiopathic gastric volvulus (Cases 1 and 2) had sudden-onset complaints, and a nasogastric tube could not be installed in the second case (Case 2). We were unable to evaluate this nasogastric sign in the first case (Case 1) due to the fact that the patient was intubated on admission. A nasogastric tube was installed successfully in the third case (Case 3).
The most challenging step in diagnosing gastric volvulus is the consideration of this diagnosis. Although the esophagus-stomach-duodenum passage images with barium contrast and CT scans of the upper abdomen may aid in the diagnosis of gastric volvulus, 6 accurate diagnosis, particularly in cases of sudden onset, requires advanced clinical and radiologic experience. In the retrospective review of the abdominal CT scans in the first case (Case 1), the radiologic appearance was typical of gastric volvulus. However, the diagnosis of gastric volvulus was not immediately considered because it is a very rare clinical entity. In the second patient with idiopathic gastric volvulus (Case 2), the history and radiologic findings resembled those of the first case. More importantly, the case was evaluated by the same surgeon and radiologists as in Case 1; therefore, the possibility of gastric volvulus was taken into consideration. In the last case (Case 3), the diagnosis of gastric volvulus was based on perioperative findings and not on radiologic findings.
The development of necrosis and perforation of the stomach wall is uncommon due to the rich blood supply of the stomach and the presence of strong collateral circulation. 7 However, the presence of strangulation and perforation has been associated with high mortality rates (60%). 8 The management of gastric volvulus involves surgery. 9, 10 The surgical approach in sudden-onset gastric volvulus is detorsion and fixation. Partial or total gastrectomy can be performed if ischemic injury exists. The first and second cases presented with acute abdominal syndrome and shock, and detorsion was thus performed, the perforation site was repaired in accordance with the principles of damage-control surgery, and the patients were moved to the intensive care unit upon the completion of surgery.
Chronic gastric volvulus is also treated surgically, and the surgical method involves detorsion of the stomach and fixation through an open or laparoscopic approach. Other pathologies accompanying chronic gastric volvulus can be simultaneously repaired.
In conclusion, the fact that gastric volvulus may be associated with a high mortality rate despite its rare occurrence should be kept in mind. Preoperative diagnosis is usually not possible, and its management involves surgical correction of the pathology followed by institution of resuscitative treatment.
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